Introduction. In this paper we study some special cases of the problem of supersonic panel flutter, which the General case for moderate values of the parameters was investigated by an analytically method in [1] . Each of them is of independent interest for the study in terms of identifying new mechanical effects associated with the loss of stability of the system "plate-flow".
The theoretical and numerical methods to study of the divergence and flutter instability of plates and shells devoted a huge amount of works, a General review of which is contained in the monography by Algazin S.D. and Kijko I.A. [2(pp. 210-245) ] and the article by Novichkov J.N. [3] .
The results can be used in the processing of experimental studies of divergence and panel flutter of the modern supersonic aircraft.
1. Statement of the problem. Considered a thin elastic rectangular plate, in a Cartesian coordinate system Oxyz occupies the area: 0 x a   , 0 y b   , h z h    . We choose the Cartesian coordinate system Oxyz so that the Ox and Oy axes lie in the plane of the undisturbed plate, and the Oz axis is perpendicular to the plate and directed to the side of supersonic gas flow streamlining it from one side in the direction of the Ox axis with an undisturbed velocity V . We assume a plane, potential flow. And, also, we assume that the plate is not exposed to the tensil forces in the middle surface. Let the 0 x  edge of the plate is free and edges: x a  , 0 y  , y b  are hinged. We assume that the concentrated inertial masses c m and rotation moments c I are applied to the 0 x  free edge and to the x a  hinged edge respectively [1, 4(p.27, 101), 5] . Under the influence of certain factors, the undisturbed equilibrium state of our plate can be broken down, and it will begin to perform disturbed motion with a deflection ( , , ) . w x y t  The deflection ( , , ) w x y t  will cause an excess pressure p  on to the upper streamlined surface of the plate from the side of streamlining gas flow, which is taken into account by the approximate formula of the "piston theory" [6, 7] :
where 0 a is the sound velocity in the undisturbed gas medium, 0
 is the density of undisturbed gas flow. Let us assume that the deflections ( , , ) w x y t  are small as compared with the thickness 2h of the plate. Find out the conditions under which the possible loss of stability of the undisturbed state of equilibrium of the plate, when the bending of the plate due to the corresponding aerodynamic loads p  and concentrated inertial masses c m and rotation moments c I are applied to the free 0 x  edge. Thus, in accordance with the new approach, the influence of the distributed mass of the plate and the resistance forces can be neglected.
Then, under assumption of the validity of the Kirchhoff hypotheses and "piston theory", the small bending vibrations of the points of the plate middle surface about the undisturbed equilibrium state is described by the differential equation [1, 4( 
The problem of the stability of an elastic thin rectangular plate streamlined by a supersonic gas flow, which is described by correlations (1.1)-(1.4), lies in finding the minimal value velocity cr V (i.e. the critical velocity) such that, in the case cr V V  , disturbed motion will be stable and, for cr V V  -unstable. In other words, is required to determine the values of velocity at which the equation (1.1) with the corresponding boundary conditions (1.2)-(1.4) has the non-trivial solutions. We see that the analysis of the stability of the plane form of the plate in the potential supersonic flow reduces to a study of the differential equation (1.1) with the corresponding boundary conditions (1.2)-(1.4) for the deflections ( , , ). w x y t  2. General solution of the problem. For finding the general solution of the problem of stability of the plate (1.1)-(1.4), we will reduce it to a problem on eigenvalues for the ordinary differential equation.
We try to find the General solution to the boundary-value problem defined by equation (1.1) and by the boundary (1.2) -(1.4) in the form of harmonic vibrations [9] 
, where n C are the arbitraries constants, which are not equal to zero simultaneously; n is the half-waves number along of side b ; p -are the roots of the characteristic equation 2 2 3 ( 
Here q is the only real root of the cubic equation 2 6 8 (1 ) ( 1)
From the relations (2.6) it is easy to obtain the expressions of the dependence of the velocity V of gas flow on the system parameters
As well as,
Here  is a relation of the width a of the plate to its length b
(2.9) Then, the General solution (2.1) of the equation (1.1), due to ratios (2.3) and (2.4), can be written as
Substituting the General solution (2.10) the differential equation (1.1) in the boundary conditions (1.2)-(1.4), we obtain a homogeneous system of algebraic equations of the fourth order relatively the arbitraries constants: nk C . Equate to zero the determinant of this system of equations -characteristic determinant leads to the dispersion equation [1] 
And introducing the notation 
The system "plate-flow", described by the relations (1.1) -(1.4) is asymptotically stable if all eigenvalues  of the boundary value problem for ordinary differential equation have negative real parts, and unstable if at least one eigenvalue  is on the right side of the complex plane.
The critical velocity cr V that characterizes the transition from stability to instability of the disturbed motion of the system "plate-flow" is determined by the condition of equality to zero of the real part of one or more of the eigenvalues. This article discusses four particular cases of the original problem of stability of (1.1)-(1.4) studied in [1] at moderate values of its "essential" parameters.
In [1] M is investigated. The critical velocity of divergence of the panel and the critical velocity of localized divergence in the vicinity of the free edge of the plate, as well as, the critical velocity of panel flutter are found. It is shown that, depending on the relation between of the system parameters, the critical flutter velocity can be both less and greater than the critical velocity of divergence. changing the nature of disturbed motion of the system from harmonic vibrations to a monotonically increasing aperiodic motion. This changes the dynamic behavior of plates: in the plate, performing harmonic oscillations, there is stressеs, leading to changes in the surface shape of the plate. The surface of the plate "buckles" with limited velocity of "buckling". As monotonous "buckling" of the plate has no oscillatory nature, it can be considered as quasi-static process, i. .4) can be reduced to the simplified form 2 2 2( 1) (
Equation (3.6) exactly coincides with the dispersion equation obtained in the work [10] the study of phenomenon localized divergence arising in the vicinity of the free edge of the elastic semi-infinite plate-strip, streamlined by a supersonic gas flow in the direction from the free edge to the supported edge along the semi-infinite hinged edges. In this case, the region of instability 1 M consists of two subregions 11 M and 12 M which are determined by the relations respectively of the system disturbed motion from sustainable to unsustainable [5] . In the plate arise stresses, leading to an abrupt ("instant") to change its form: so-called "dynamic buckling", in which the plate "bulge" infinite speed "buckling" [12(p. 719 ]. This process is not oscillatory as well as divergence. However, despite the discrepancies existing in the scientific literature [4 (p. 63), 5, 12(p. 719), 13], it is conditionally possible to consider as "quasi-oscillatory" process, i.e. as the panel flutter, usually leading to the destruction of the plate [13] . Table 3 presents the several values of the reduced flutter critical velocity From the data of table 3 it follows that the flutter critical velocity is less than in plates made of materials with a large Poisson's ratio , and with increasing  it grows.
On the boundary of the instability region 11 M the plate is not destroyed, the perturbed motion of the system "plate-flow" becomes stable [5, 13] . Table 4 presents the several values of the reduced flutter critical velocity 
Here  is the discriminant of the biquadratic equation (3.17).
In accordance with the conditions (3.21), the stability region Note that the correlations (3.27), (3.35) and (3.28) are identical with the corresponding equations describing the characteristic equation and the formula for calculating the gas flow velocity to the problem of stability of a streamlined a supersonic flow of gas, an elongated plate 0 , 0 x a y      with a free edge 0 x  under the same assumptions. Therefore, the behavior of the disturbed motion of the system "rectangular plate -flow" in this case is the same as in the case of a system "elongated plate -flow".
In accordance with the first of the inequalities (3.34), the stability region 0 M defined by the correlations 12 22 
is the discriminant of the biquadratic equation (3.27) . And the instability regions Table 5 .
In this case, the reduced critical flutter velocity M of the dynamic instability. We can say that the phenomenon of the buckled panel flutter is observed. There is as well as a "smooth" transition to the flutter oscillations in addition to the monotonous "buckling" of the plate that does not have an oscillatory character. Table 6 presents the values of the reduced critical flutter velocities (tabl. 4, 6). Table 6 .
Of the identity of the dispersion equation (3.27 ) and the dispersion equation obtained in [8] in studying the problem of panel flutter of a plate elongated in the assumption that inertial mass and rotation moments applied simultaneously to the free edge 0 x  and to the opposite hinged edge x a  do not exist, should identity in the behavior of the disturbed motion of the system "elongated plate plate-flow" these problems.
Thus, in the case when a b  the behavior of the disturbed motion of the system "rectangular plate-flow", similar to the behavior of the disturbed motion of the system "elongated plate-flow" ( 0 ,0 x a y     ). Namely, when the velocity of the gas flow is absent ( 0 V  ), the system perturbed motion is statically unstable. In the flow ( 0 V  ) the behavior of the system perturbed motion depends on the value of the ratio of relative values of concentrated inertial moments c I and masses c m are applied, respectively, to the hinged edge x a  and free edge 0 x  of the plate. Conclusion. Using an analytically method, investigated by special cases of the problem of panel flutter, where the General case is studied in [1] . On the partition of the space of the "essential" parameters of the system "plate-flow" in regions of the stability and instability is performed. The boundaries of the region of stability are investigated. The boundaries of the divergence of panel, localized divergence and panel flutter are determined. We found the "dangerous" of the boundaries of the stability region in the sense of terminology work N.N. Bautin [14] . You move through them arises the phenomenon of panel flutter, leading to a loss of strength and occurrence of fatigue cracks in the material of the plate. For different values of the problem parameters was found the critical velocity of divergence, localized divergence and flutter. In problems of panel flutter in a linear formulation, as a rule, the critical velocity of divergence less than the flutter critical velocity [2-4, 8, 9, 12] . 
